











dicated by the direction of arrows of the pipes connect-
ing labeled stocks.

Persons wishing to examine the details of the underly-
ing equations can see either the equations themselves or
their numerical values by clicking the mouse button and
requesting an on-screen display. Other users, such as
those who are more concerned with model outcome than
with its underlying causes, see only the display shown in
Fig. 3 with its logical explanation of cause and effect.
The auxiliary variables named stop and in the diagram
check for negative values of NH,", which could occur if
the reaction(s) consumed all available substrate during
a simulated time-step. Clearly, negative substrate values
are meaningless, so the stop variables simply stop the
reaction at this point. The effect is that of setting the
equation equal to zero when the balance between the two
rates are equal.

Nitrogen Transformation Component

This component calculates complex factors that regu-
late N transformations or material flow in the overall soil
N component of the model, such as denitrification,
mineralization; and plant N uptake. Denitrification is
based on NOj concentration, soil temperature, soil
moisture, and the soluble C content of the soil. Soluble
C is derived from the total soil organic matter content.
The value for total organic matter, along with moisture
and temperature values, are set by choices made in the
initial scenario section of the model. Plant N uptake is
based on an average N uptake curve for corn given by
Ritchie et al. (1989). The total N removed by the plant
is calculated based on estimated yield for corn (set in the
scenario section of the model). The model removes equal
amounts of N from the NH;" pool and the NO; pool,
as regulated by the plant uptake pattern for the given time
of year. Other factors in the model regulate the amount
of N removed from each pool as remaining N in each
pool approaches zero.

Soil Water Component

The soil water component tracks water movement in
the soil, monitoring the various additions and removals
by system constituents (rainfall, surface runoff,
evapotranspiration, and leaching to groundwater). Addi-
tion of water to the system as rain will add weight to the
soil (expressed as the sum of mineral, organic, and water
components) and loss of water through evapotranspira-
tion or leaching will subtract weight. The volumetric soil
water content (thefa) is computed directly from soil
weight, and it regulates many other N transformation
reactions in other portions of the model. Leaching rate
is also computed in this section of the model, based
on current saturation of the soil profile. When the soil
profile is saturated, additional rainwater causes an
equivalent volume of water to leach from the profile
(percolation); whenever soil water content is below field
capacity (saturation value), the profile must be fully
recharged before water held in soil storage will leach be-
low the rooting zone.

DISCUSSION

Examples of simulation output are shown in Fig. 4 and
5. The main components of the N cycle (i.e., NH," ab-
sorbed, NH," in solution, and NOj ) are graphed as a
function of time while the program is running. Stock vari-
ables (rectangles in the display screens shown in Fig. 3)
and rates (valve symbols in Fig. 3) also are animated to
display the current status of each variable during the ac-
tual running of the model. Numerical values can be dis-
played or stored in tabular form for later analysis of
output data. The user is left to explore the outcome of
their actions and, from noting model response, gain an
intuitive understanding of how the system works.

Figures 4 and 5 show graphic results of changes over
time for several N pools as affected by choices made in
the scenario component of the model. The graphs shown
in these figures are typical of the graph output found in
the N model. For this example, only the soil type selec-
tion or the rainfall selection was changed. In the figures,
graphs | and 2 represent silty clay loam, whereas graphs
3 and 4 represent a sandy loam soil. Likewise, graphs 1
and 3 represent above average rainfall, and graphs 2 and
4 represent below average rainfall. Comparison of the
graphs produced from making one or more changes al-
lowed in the scenario component shows the student how
these changes affect the various components of the N
cycle. Thus, the student becomes aware of the complexi-
ties of the N cycle and the intricacy of the system com-
ponents and interactions with the soil environment.

In addition, alternative formulations of defining equa-
tions can also be explored; N will enter groundwater or
be lost to the atmosphere only under certain conditions,
and our model helps users define these conditions for their
specific situations. The model provides the basic build-
ing blocks for computer modeling of the N cycle, so that
further explorations of specific components can be ex-
plored. In this manner, the student can become aware
of not only the intricacies of the N cycle but also take
advantage of the merits of computer modeling of the N
cycle without the burden of understanding the complex-
ities of computer languages. With the use of this basic
building block, the student is free (or can be assigned as
a class project) to refine small portions of the N model
to gain a better understanding of both the interactive
nature of the soil environment and the computer model-
ing process itself. -

Computer simulation models of complex systems can
be helpful in understanding the system. Because of its im-
portance in many aspects of agricultural production and
environmental science, it is important that students and
others concerned with these subjects understand the dy-
namics of the N cycle in the soil-plant system. This model
provides a teaching tool to both explore the complexities
of the N cycle and to gain an understanding of how simu-
lation models can be used to provide the most precise pic-
ture of our present understanding of complex systems
such as the N cycle. It is our belief that this model could
be an excellent teaching tool and that implementation of
this model into classroom or laboratory activities could
provide students with greater appreciation and under-
standing of the N cycle.
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